DOCUMENT RESUME 



ED 420 499 



SE 061 487 



AUTHOR 

TITLE 

INSTITUTION 
PUB DATE 
NOTE 

AVAILABLE FROM 

PUB TYPE 
EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



Brunsman, Bethany A. 

Recruitment and Preparation of Teachers for Mathematics 
Instruction: Issues of Quality and Quantity in California. 
California Commission on Teacher Credentialing, Sacramento. 
1997-10-00 
95p . 

California Commission on Teacher Credentialing, 1812 9th 
Street, Sacramento, CA 95814. 

Reports - General (140) 

MF01/PC04 Plus Postage. 

Educational Change; Elementary Secondary Education; Higher 
Education; *Mathematics Achievement; *Mathematics 
Instruction; *Prof essional Development; *Standards; *Teacher 
Education; Teacher Education Programs 
California 



ABSTRACT 



For several years, concerns have been growing about the 
mathematics achievement of California's K-12 students. In September 1995, the 
California Mathematics Task Force issued a report entitled ”A Call to Action: 
Improving Mathematics Achievement for All California Students”. The Task 
Force also provided specific recommendations for the preparation of 
elementary school classroom teachers and secondary school teachers of 
mathematics. Part I of this report focuses on the teacher preparation 
recommendations of the Task Force and provides current information pertaining 
to those recommendations. It also presents extensive data on the current 
standards and requirements for teacher preparation in mathematics and the 
teaching of mathematics. Part II provides newly compiled data on the demand, 
availability, and assignment of mathematics teachers. Part III provides 
information on the California Mathematics Initiative for Teaching. (Includes 
7 appendices) . (ASK) 
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Introduction to Part I 



For several years, concerns have been growing about the mathematics achievement of 
California's K-12 students. California lags behind many other states in mathematics 
achievement scores. The United States as a whole lags behind many other nations 
(including nations that have fewer resources to commit to mathematics instruction). 
Many specialists in mathematics education have argued that the problems of student 
learning can be traced to inadequate standards for mathematics teachers. Still others 
believe that many K-12 classes in mathematics are staffed by teachers who are under- 
prepared in mathematics and the teaching of mathematics. The report of the Third 
International Mathematics and Science Study, entitled A Splintered Vision: An 

Investigation of United States Science and Mathematics Education (1997), concludes 
somewhat pessimistically that "it seems wishful optimism to expect our students to 
achieve highly in science and mathematics compared to students in other countries." 
California cannot afford to "settle" for low expectations, however, because evidence 
continues to mount that mathematical understanding will be essential for success in an 
increasing array of new endeavors, sectors of the economy, and high-paying jobs in 
the future. 

In September 1995, the California Mathematics Task Force issued a report entitled A Call 
to Action: Improving Mathematics Achievement for All California Students. The Task 

Force consisted of university and college mathematics faculty, K-12 mathematics 
teachers, district administrators, parents, state and local school board members and 
business community members. They represented a wide range of expert viewpoints on 
the teaching of mathematics. The Task Force report focused on improvements in 

mathematics curriculum and instruction in elementary and secondary schools. The 

Task Force also provided recommendations for teacher preparation in mathematics. In 
this area, the report generally called for "mathematically powerful teachers" who can 

recognize the strengths and weaknesses of individual students (and) are 
able to challenge students who learn in a variety of different ways with 
relevant problem-solving activities, can help those who have failed to 

succeed during previous instruction, and can provide for the mathematics 
learning of students who speak languages other than English or who have 

physical or learning disabilities (p. 11). 

For the preparation of elementary school classroom teachers, and of secondary school 
teachers of mathematics, the Task Force also provided specific recommendations. 

Three members of the California Mathematics Task Force presented the report to the 
California Commission on Teacher Credentialing on December 7, 1995. The Commission 

discussed the Task Force findings and recommendations with the presenters. Then the 

Commission directed its staff to examine the Task Force recommendations that pertain to 

teacher preparation. The staff was specifically directed to report the extent to which 
the current standards and requirements for teacher certification would need to change 

in order to fulfill the Task Force recommendations. Finally, the Commission asked for 
an analysis of the fiscal and educational impact of the Task Force's recommendations 

pertaining to the preparation of elementary and secondary teachers of mathematics. 

Part I of this report focuses on the teacher preparation recommendations of the Task 

Force, and provides current information pertaining to those recommendations. Part I 

answers the following question: How would the mathematics teacher preparation 

standards need to change in order to fulfill the recommendations of the Mathematics 




2 



Task Force? Because the Task Force made separate recommendations for elementary 
school and secondary school teacher preparation, these recommendations will be 
addressed separately. First, however, the report provides a general overview of current 
requirements and standards for teaching credentials in mathematics. 



Overview of Current State Requirements and 
Standards for Teaching Credentials in Mathematics 



Teaching Requirements and Standards 

The requirements for teaching credentials are specified in the Education Code. Under 

state law, the Commission sets and enforces standards related to each requirement for 
each credential. The teaching credential requirements are summarized below. This 
report will focus on the Commission's standards for teaching credentials. 

To earn a Single or Multiple Subject Teaching Credential, an applicant must fulfill the 

following requirements of the Education Code. 

( 1 ) Earn a baccalaureate or higher degree from a regionally-accredited college or 
university. 

(2) Pass the state basic skills proficiency examination, called the California Basic 
Educational Skills Test (CBEST). 

(3) Fulfill the state subject matter competence requirement in one of two alternative 

ways: 

• Complete a Commission-approved program of subject matter study that is 
appropriate to the credential being sought; or 

• Pass an assessment of subject matter knowledge and competence that is 
appropriate to the credential and accepted by the Commission. 

(4) Complete a Commission-approved program of professional study that is appropriate 

to the intended credential and that includes courses in foundations and methods of 
teaching as well as supervised teaching or an internship in teaching. 

(5) Complete Commission-approved courses in four topics specified by California Law: 

• Methods of teaching language development and reading; 

• Pedagogical uses of computers in classrooms; 

• Education of exceptional students ("mainstreaming"); and 

• Health education, including instruction in specified health topics. 

(6) Complete one year of full-time study (or the equivalent) after the baccalaureate 
degree. Credential requirements (4) and/or (5) may be completed as part or all of 
this "fifth year of study." 

For the Single and Multiple Subject Teaching Credentials, the Commission has adopted 
standards and preconditions for requirements (2) through (6), as outlined above. The 
standards and preconditions associated with requirement (3) are the primary focus of 
this report. 
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Programs of Subject Matter Preparation for Prospective Teachers 

In California, subject matter preparation programs for prospective teachers are not the 

same as undergraduate degree programs. Postsecondary institutions govern academic 
programs that lead to the award of degrees, including baccalaureate degrees in 
mathematics. The Commission sets standards for academic programs that lead to the 

issuance of credentials, including the Single Subject Teaching Credential in 
Mathematics and the Multiple Subject Teaching Credential. At regionally accredited 
colleges and universities, subject matter programs for prospective teachers must fulfill 

the Commission's standards. Baccalaureate degree programs for undergraduate students 
in mathematics may or may not fulfill the Commission's standards for subject matter 
preparation. An applicant for a teaching credential must have earned a Bachelor's 
degree from an accredited institution, but the degree may be in a subject other than the 
one to appear on the credential. Regardless of what subject appears on the degree, 

completing a subject matter program that meets the Commission's standards fulfills the 
subject matter competence requirement for the Single or Multiple Subject Credential. 



Standards and Preconditions: Definitions 

The Commission defines a standard as a statement of program quality that must be 
fulfilled for initial or continued approval of a subject matter program. In each 
standard, the Commission has described an acceptable level of quality in a significant 
aspect of the subject matter preparation of mathematics teachers. The Commission 

determines whether a program satisfies a standard on the basis of an intensive review 
of all available information related to the standard by a review panel of experts. For 
example, the Commission uses the following standards to evaluate programs for 

prospective teachers of mathematics. 

Standard 1: Program Philosophy and Purpose. The subject matter 

preparation program in mathematics is based on an explicit statement of 
program philosophy that expresses its purpose, design and desired 

outcomes, and defines the institution's concept of a well-prepared teacher 
of mathematics. The program philosophy, design and desired outcomes are 

appropriate for preparing students to teach mathematics in California 
Schools. 

Standard 16: Delivery of Instruction in the Program. Each program 

utilizes multiple instructional strategies, activities and materials that are 
appropriate and effective for mathematics instruction. Candidates 
examine ways in which mathematical knowledge is transformed for use in 
practical applications. 

The Commission defines a precondition as a requirement for initial and continued 
program approval that is based on California state laws or administrative regulations. 
Unlike standards, preconditions specify requirements for institutional compliance, not 
program quality. The Commission determines whether a program complies with the 
adopted preconditions on the basis of a program proposal submitted by the college or 
university. In the program review sequence, a program that meets all preconditions is 

eligible for a more intensive review to determine if the program's quality satisfies the 
Commission's standards. 

Precondition 1: Each Program of Subject Matter Preparation for the 

Single Subject Teaching Credential in Mathematics shall include (a) at 
least 30 semester units (or 45 quarter units) of core mathematics 
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coursework that is directly related to subjects that are commonly taught in 
departmentalized mathematics classes in California public schools, and (b) 
a minimum of 15 semester units (or 22 quarter units) of coursework that 
provides breadth and perspective to supplement the essential core of the 
program. These two requirements are elaborated in Preconditions 2 and 3. 



Development of Standards for Subject Matter Preparation 

For the subject matter preparation of elementary teachers and of mathematics teachers, 

the Commission has adopted two distinct sets of standards. The two sets of standards were 
developed in a similar manner, however. The Commission established panels of experts 
to review recent developments in mathematics education and to recommend new 
standards for the academic preparation of teachers. To select the panel members, the 
Commission's Executive Director solicited nominations of distinguished mathematics 
educators from colleges, universities, school districts, county offices of education, 
professional organizations, and other state agencies. From large numbers of 
nominations, the Executive Director appointed 17 professionals to the Mathematics 
Teacher Preparation and Assessment Advisory Panel, and 48 members to the Elementary 
Subject Matter Standards Advisory Panel. Both panels included university professors as 

well as K-12 teachers, curriculum specialists and administrators. Each panel met a 

number of times to create new Standards of Program Quality and Effectiveness that 
emphasize the content-based knowledge, skills and perspectives that teachers must 
have in order to teach mathematics effectively in public schools. Before adopting the 

draft standards, the Commission distributed them to mathematics educators throughout 
the state and requested their comments and suggestions. After an extended period for 
critical analysis and discussion, the Commission's professional staff collated the 

responses to each standard and forwarded them to the Advisory Panels. Exercising their 
discretion in responding to the suggestions, the Panels made several significant 

improvements in the draft standards. At the conclusion of their deliberations, the two 

Panels presented their recommended standards to the Commission for final 
consideration and adoption. 



Qualitative Review of Subject Matter Preparation According to Standards 

To request approval for a subject matter program, each institution submits a program 
proposal with information pertaining to each of the standards and preconditions that 
are associated with the particular subject area. Each program is reviewed by a panel of 
subject matter experts that includes professors of the subject as well as K-12 teachers, 
curriculum specialists and administrators in the particular subject(s) of the program. 
To establish a review panel, the Executive Director conducts an intensive statewide 
search for the most talented educators in the subject area. Panel members are selected 

for their expertise in the subject and their knowledge of curriculum and instruction in 
California public schools. Once selected, they are trained in the purpose and function 

of the subject matter preparation programs; the Commission's legal responsibilities in 
program review and approval; the standards and alternative ways they can be met; and 
effective review procedures, including ways to use institutional information to 
determine whether standards are met. 

To guide program review panels in judging the quality of programs in relation to each 
standard, the Commission also adopts Factors to Consider. Within the scope of a standard, 
each factor defines a dimension along which programs vary in quality. The factors 
identify the dimensions of program quality that the expert Panels considered to be 
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important. For example, the Commission uses the following preconditions, among 
others, to evaluate programs on Standard 6: Mathematics with the Use of Technology. 

• The program provides opportunities for students to use technological 

tools, such as computers, calculators, graphing utilities, video, and 
interactive programs, to learn concepts, explore new theories, conduct 
investigations, make conjectures, and solve problems. 

• The program utilizes appropriate technological tools when providing 
instruction and assessing students in mathematics. 

To enable a program review panel to understand a program fully, a college or 

university may identify additional quality factors, and may show how the program 
fulfills these added indicators of quality. In determining whether a program fulfills a 
given standard, the Commission expects the review panel to consider all of the related 
quality factors in conjunction with each other. In considering the several quality 

factors for a standard, excellence on one factor compensates for less attention to 
another factor by the institution. Based on these complex review procedures, the 
review panels make recommendations to the Commission, which approves only those 

subject matter programs that are recommended by the review panels. 
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Elementary School Teacher 
Preparation in Mathematics 



Recommendations by the Mathematics Task Force 

The California Mathematics Task Force, which was appointed by the Superintendent of 
Public Instruction, made one specific recommendation regarding the preparation of 
"mathematically powerful" elementary school teachers. They recommended that all 
prospective elementary school teachers be required to "complete at least two high- 
quality undergraduate mathematics courses encompassing the spectrum of 

mathematical content strands to become credentialed" (p. 12). The "strands" to which 
the Task Force referred are "continuous threads running throughout the curriculum, 
each being developed in appropriate ways in all grade levels, kindergarten through 
grade 12" ( California Mathematics Framework, 1992, pp. 5-6). The Framework strands 
include (1) number, (2) measurement, (3) geometry, (4) (patterns and) functions, (5) 
statistics and probability, (6) logic and language, (7) algebra, and (8) discrete 
mathematics. 



Current Standards for Mathematics Preparation of Elementary School 
Teachers 

Three current standards for the mathematics preparation of elementary school 
teachers are pertinent to the Mathematics Task Force's recommendation: Standards 2, 3 

and 4. Standard 3, which is entitled Required Subjects of Study, states: 

Each subject matter program fosters knowledge and understanding of the 
subjects that are commonly taught in elementary schools. Each program 

includes study of each subject that is required by Education Code Section 

44314: language, literature, mathematics, science, social science, 

history, humanities, the arts, physical education, and human development 
(emphasis added). 

An institution cannot meet Standard 3 unless courses in college-level mathematics are 
included in the program of subject matter preparation for prospective elementary 
school teachers. The Task Force recommendation calls for those courses to "encompass 
the spectrum of mathematical content strands" that are in the Mathematics Framework. 
To govern the content of undergraduate mathematics courses, the Commission has 
adopted the following Factor to Consider for Standard 3. 

• The program's curriculum reflects or builds on the major themes and 
emphases of all adopted State Curriculum Frameworks and Model 
Curriculum Guides for elementary schools. 

This factor emphasizes the importance of alignment with "the major themes and 

emphases of all adopted State Curriculum Frameworks," which includes the California 
Mathematics Framework of 1992. Accordingly, this factor specifically addresses the 

Task Force's recommendation that college mathematics courses for teachers encompass 

the strands that were introduced in the 1992 Mathematics Framework. In actual 

practice, teacher education programs that are offered by colleges and universities are 

reviewed by panels of subject matter experts who look for coverage of the Framework' s 
mathematical strands in their review of all required math courses. Additionally, the 

language of this factor requires that teacher preparation programs incorporate any 
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changes in the curriculum strands that are introduced by the new Mathematics 
Framework that is due to be adopted in 1998. 

The Task Force report also emphasized that a comprehensive K-12 mathematics program 
includes a balance of "basic skills, conceptual understanding, and problem solving" (see 
p. 2). The Commission has adopted the following additional factor for Standard 3. 

• The study of mathematics develops or builds upon knowledge of 
fundamental mathematical skills, concepts, relationships and problem 
solving abilities. 

It can be seen that the Commission’s second factor for Standard 3 emphasizes the same 
"mathematical skills, concepts, relationships and problem solving abilities” that the 
Task Force recommended. 

The Task Force also recommended that prospective elementary teachers complete "high 
quality undergraduate mathematics courses” (p. 12, emphasis added). Pertaining to the 
rigor and quality of coursework in mathematics, the Commission has adopted Standard 2, 
entitled Character of Content , which states: 

Each subject matter program is academically rigorous and intellectually 
stimulating. Throughout the program, candidates are required to read 
major works; analyze, evaluate, and apply ideas; express themselves 
skillfully; and utilize processes of inquiry. 

The Task Force elaborated on their concept of "quality" in their definition of "mathema- 
tical power," which emphasized the need for teachers to possess (a) deep understanding 
of mathematical content and (b) conceptual understanding and problem-solving 
abilities related to mathematics (p. 10). The Task Force report also underscored the 
importance of communicating mathematical thinking effectively. Following are some 
of the relevant Factors to Consider for Standard 2. 

• Candidates are required to engage in rigorous studies, and are expected 
to master content that challenges their intellectual capacities. 

• Candidates are required to write or speak articulately and (in 

appropriate areas) to express themselves creatively through nonverbal 
means. 

• Candidates have opportunities to generalize, infer, compare and 

contrast, make hypotheses, organize information and interpret its 

implications, write analytically, and use research evidence, intellectual 
reasoning, and personal judgment. 



Overall, then, the Commission’s Standards and Factors to Consider for the mathematics 

preparation of elementary teachers ensure that coursework in elementary subject 
matter programs is "high quality” by addressing the mathematical power of prospective 
elementary teachers, as the Mathematics Task Force recommended. 

Additionally, the Commission’s Standard 4, on Depth of Study , requires that each 

candidate complete a concentration or a major in a discipline or an area of study that is 
commonly taught in elementary or middle schools or a closely related area of study. 

Each concentration must consist of at least 12 semester units (or the equivalent in 
quarter units) of upper division courses that are coherently related to each other. Core 
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courses that all candidates are required to complete cannot be counted for the 
concentration. The concentration in mathematics, which is one of several subject areas 
that institutions may choose to offer, is designed to enable teacher candidates to achieve 
a depth of understanding in mathematics. These teachers who gain the additional 
mathematics expertise are then available to schools to help with curriculum planning, 
staff development, and the selection of materials to improve mathematics instruction. 



Data on Mathematics Courses in Elementary School Teacher Preparation 

By itself, the language of the Commission's Standards and Factors to Consider does not 
signify that the recommendations of the Mathematics Task Force are being fulfilled. 
The Professional Services Division of the California Commission on Teacher Credential- 
ing compiled data about the mathematics courses that prospective elementary school 
teachers are currently required to complete in their undergraduate studies. The 

purpose of this analysis was to determine the extent to which current Standards and 

Factors to Consider would need to be changed in order to satisfy the Task Force's 
recommendations. The data for this analysis were drawn from program proposals 
submitted by the colleges and universities, course catalogs, and academic personnel at 
the institutions. Included in the analysis were mathematics courses at all 72 approved 
college and university elementary subject matter programs. . 

Appendix B contains an analysis of the mathematics courses that are required by all of 
the subject matter programs that have been approved according to the current 
Standards and Factors to Consider. Appendix C enumerates the additional mathematics 

courses that are required for a concentration in mathematics at the institutions that 

offer this option. Appendix A defines the abbreviations that appear in all subsequent 
appendices. 



Summary of the Analytical Findings 

Table 1 shows how many courses in mathematics are required at the 72 college and 
university programs that prepare undergraduate students to be elementary teachers. 
The number of required mathematics courses ranges from one to five courses. At many 
institutions, prospective teachers are required to take mathematics courses that are 
specified by the elementary subject matter program. At other campuses, they are 

allowed to select from several alternative courses in mathematics. Additionally, many 
institutions offer other mathematics or computer science courses as electives that 
candidates can complete in order to fulfill other program requirements. 

At the largest number of institutions (43), prospective elementary teachers are 
required to complete two undergraduate courses in mathematics. The next largest 

group of colleges and universities (20) require candidates to complete three 
undergraduate mathematics courses. Additionally, six institutions require completion 
of four courses, and one requires elementary teaching candidates to complete five 
mathematics courses. Only two institutions require teachers to take one math course. 
In all cases, the titles and unit counts of required and elective courses are in Appendix 
B. 




9 

17 



Table 1: 

Numbers of Required Mathematics Courses in 
Subject Matter Programs for Prospective Elementary Teachers 



Numbers of Required 
Mathematics Courses 


Numbers of 
Institutions 


1 


2 


2 


43 


3 


20 


4 


6 


5 


1 



Appendix C shows that fifty-one programs offer concentrations in mathematics. All of 
the programs except one require that elementary teaching candidates complete at least 
12 semester units (18 quarter units) in mathematics for a concentration. These courses 

are specified in addition to the mathematics courses that all students must take to 
qualify for basic teaching credentials. Eight institutions require a major in 
mathematics to meet the concentration requirement, and two programs require a minor 
in mathematics for a mathematics concentration. 



Preparation in Methods of Teaching Mathematics 

The California Mathematics Task Force did not provide specific recommendations about 
the preparation of elementary teachers in methods of teaching mathematics. 
Nevertheless, the Commission's Professional Services Division compiled information 
about this important aspect of preparing teachers for instruction in Grades K-6 (see 

Appendix D). 

Several institutions that offer professional teacher education programs for the Multiple 
Subject Teaching Credential were surveyed over the telephone to obtain information 
about required courses that deal specifically with methods of teaching mathe matics . 
Five California State Universities (Long Beach, Northridge, Sacramento, San Bernardino 
and San Marcos), one University of California campus (Los Angeles), and five private 
institutions (Chapman University, Claremont Graduate School, Loyola Marymount 
University, Point Loma Nazarene College and Southern California College) were 
interviewed. These institutions were selected to be reasonably representative of the 

types and sizes of colleges and universities where credentials are earned by elementary 

school teachers. 

The results of this analysis are presented in Appendix D (see Appendix A for the table 
keys). Ten of the 11 institutions require completion of at least one teaching methods 

course that focuses specifically on how to teach mathematics in elementary schools. At 
these 10 institutions the number of units of required mathematics methods ranges from 

one to three semester units (one to four quarter units). These courses in mathematics 
teaching methods are in addition to the required courses in the content of mathematics 
(described above). 
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Preparation of Secondary 
School Mathematics Teachers 



Mathematics Task Force Recommendations 

The Mathematics Task Force made three specific recommendations for the preparation 

of "mathematically powerful" secondary school teachers of mathematics. 

(1) That the State Superintendent of Public Instruction require all prospective 

secondary school mathematics teachers to "complete the equivalent of an 
undergraduate minor in mathematics to become credentialed." 

(2) That the above requirement "should be the primary requirement rather than the 

current requirement, which simply involves passing a test." 

(3) "Credential programs must stress mathematics and knowledge of how to teach it" 

(P-12). 



Current Preconditions and Standards for the Preparation of Secondary 
School Teachers of Mathematics 

The Mathematics Teacher Preparation Advisory Panel that created the current 
Mathematics Teacher Preparation Standards and recommended them to the California 
Commission on Teacher Credentialing agreed with the Mathematics Task Force about the 
importance of mathematical power. In their Preamble to the Mathematics Program 

Standards, the Mathematics Teacher Preparation Panel stated: 

The Commission and the Mathematics Advisory Panel believe that the goals of 
mathematics education are mathematical power and literacy, which include 
the ability to solve problems, communicate ideas, reason, make mathematical 
connections, and use current technology, as well as understanding the 
concepts and topics that have traditionally composed the mathematics 
curriculum. The development of mathematical power and literacy requires a 
redefinition of the mathematics curriculum so mathematics is approached 
from a unified perspective and not as a series of disjointed topics, specific 
concepts, or procedures to be followed. 

A successful Mathematics Subject Matter Preparation Program must be 
aligned with this redefinition of the curriculum. The program must 

approach mathematics in a unified, integrated way, and must provide 
opportunities for students to learn mathematics in ways that are consistent 
with the curriculum they will be expected to teach in their own classrooms. 

Both the Preconditions and the Mathematics Teacher Preparation Standards are related 
to the recommendations of the Mathematics Task Force. The Preconditions, which were 
drafted by the Mathematics Teacher Preparation Panel address recommendations (1) 
(3): 

(1) Each Program of Subject Matter Preparation for the Single Subject 
Teaching Credential in Mathematics shall include (a) at least 30 semester 
units (or 45 quarter units) of core mathematics coursework that is 
directly related to subjects that are commonly taught in 
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departmentalized mathematics classes in California public schools, and 
(b) a minimum of 15 semester units (or 22 quarter units) of coursework 
that provides breadth and perspective to supplement the essential core 
of the program. These two requirements are elaborated in Preconditions 
2 and 3. 

(2) The basic core of the program shall include coursework in (or directly 
related to) first and second year algebra (or demonstrated proficiency), 
geometry, first and second year calculus, number theory, mathematical 
systems, statistics and probability, discrete mathematics, and the history 
of mathematics. 

In addition to describing how a program meets each standard of program 

quality in this handbook, the program document by an institution shall 
include a listing and catalog description of all courses that constitute the 
basic core of the program. Institutions shall have flexibility to define 

the core in terms of (a) specifically required coursework or (b) elective 
courses related to each required mathematical subject. Institutions may 
also determine whether the core consists of (a) one or more distinct 
courses for each mathematical subject, or (b) courses that offer 
integrated coverage of the required subjects. 

(3) Additional coursework in the program shall be designed to provide 

breadth and perspective to supplement the essential core of the 
program . 

A program document shall include a listing and catalog description of all 
courses that are offered for the purposes of breadth and perspective. 
Institutions may define this program component in terms of required 

coursework or elective courses. 

In every approved subject matter program in mathematics, all prospective secondary 
school mathematics teachers complete more than a minor in mathematics. Every 
candidate completes at least 45 semester units of mathematics instruction and 
instruction in the application of mathematics. Thirty units must be directly related to 
subjects that are taught in secondary school mathematics classes, including algebra, 
geometry, functions and calculus, number theory, mathematical systems, statistics and 

probability, discrete mathematics, and history of mathematics. These subjects are 

defined more clearly in Standards 7 through 14 (each standard addresses a subject). As 

defined in Standards 7, 8, 12, and 14, algebra, geometry, discrete mathematics, and statis- 
tics and probability match directly with the K-12 strands that have the same names. 

The "functions" strand is covered by the Functions and Calculus Standard (Standard 9). 
The "measurement" strand overlaps with the definition of statistics and probability in 
Standard 12. Mathematical systems (Standard 11) and number theory (Standard 10) deal 
with the content of the "number" and "logic and language" strands in K-12 instruction. 

History of mathematics (Standard 14) is not one of the mathematics strands, but provides 
the study that teachers need to understand mathematics in a historical context. One of 
the "Goals That Support Mathematical Power" in the 1992 Mathematics Framework (p. 
23) is "Connection to History and Society" (p. 25). The Framework suggests, "Students 
must receive a balanced picture of the range of careers that depend on mathematics and 
diversity of the people who have played important roles in mathematics" (p. 25). 
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Assessment of Mathematical Power by Teachers of Mathematics 

The Mathematics Teacher Preparation Standards also address recommendation (2) of the 
Mathematics Task Force. The recommendation says that a mathematics minor "should be 
the primary requirement rather than the current requirement, which simply involves 
passing a test." The Task Force's characterization of the current requirement is not 

entirely accurate for two reasons. First, the current requirement allows prospective 
teachers to choose between (1) a mathematics subject matter program, which is more 
extensive than a mathematics minor in coverage of the K-12 mathematics strands 
discussed in the 1992 Mathematics Framework, and (2) an examination requirement. 
Second, the examination requirement does not "simply involve passing a test." 
According to the Mathematics Teacher Preparation Standards: 

A student who seeks to earn the Single Subject Teaching Credential in 

Mathematics should demonstrate mathematical power. To verify that 
mathematical power has been attained, the Commission has developed and 
adopted a standardized subject matter assessment in mathematics, which 

consists of two sections: a two-hour examination of multiple-choice 

questions, and a two-hour performance assessment in mathematics. In 
both sections, the problems require understanding of mathematical 
abstraction and symbolism as well as mathematical relationships (p. 37, 
emphasis added). 

The examinations require prospective secondary school teachers of mathematics to 
demonstrate mathematical power. This requirement goes beyond "simply passing a 
test." Prospective teachers must have mathematical power in order to demonstrate it. 
The Mathematics Teacher Preparation Standards include detailed specifications for the 
mathematics subject matter examinations. The content areas in the test specifications 
are the same as those defined in the program standards: "The specifications illustrate 

the mathematical knowledge, skills and abilities that students should acquire and 
develop in a subject matter program for prospective teachers of mathematics" (p. 37). 
The examinations were specifically developed to match these specifications. 

Additionally, the Commission conducted several studies of the match between the 
examinations and the test specifications, and between the test specifications and the 
content of mathematics subject matter programs. Educators from all over California 
with expertise in mathematics and methods of teaching mathematics critically analyzed 
the standards and the test specifications. 

The mathematics examinations are difficult. Cumulatively, the percent passing for the 

Single Subject Assessment for Teachers (SSAT) in mathematics in 1995/96 and 1996/97 
was approximately 50 percent. In addition to the multiple choice examination, 
prospective mathematics teachers must pass a two-part constructed response problem- 
solving examination. The percent passing this exam was lower than that for the SSAT 
exam. It is unlikely that someone with only a minor in mathematics would be able to 
meet the examination requirement. In 1996/97, 126 people applied for Single Subject 
Teaching Credentials in Mathematics on the basis of the examinations, as compared to 
449 people who completed approved programs of mathematics preparation in colleges 
and universities. 



Data on Approved Programs of Mathematics Teacher Preparation 

The Commission's Professional Services Division collected data about the mathematics 
courses that prospective secondary teachers of mathematics are required to complete as 
part of an approved mathematics subject matter program. The purpose of this analysis 
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was to determine the extent to which the current standards and preconditions would 
need to be changed in order to fulfill the Task Force recommendations. The data for this 
analysis were obtained from program documents submitted by the colleges and 
universities, course catalogs, and academic personnel at the colleges and universities. 

Appendix E shows how many mathematics courses are required by all of the 31 single 
subject mathematics programs that have been approved according to the current 
standards (see Appendix A for the table keys). The Mathematics Task Force 
recommended that all secondary school mathematics teachers should be required to 
have the equivalent of an undergraduate minor in mathematics. The minimum number 
of required mathematics units' ranges from 38 (57 quarter units) to 64 semester units 
(96 quarter units). These same institutions require from 13.3 semester units (20 quarter 
units) to 28 semester units (42 quarter units) for a minor. In many cases mathematics 
subject matter programs require more mathematics units than are required for other 
types of mathematics majors at the same institutions (see Table 2). 



Table 2: 

Comparison of Mathematics Units Between 
Subject Matter Programs and Mathematics Majors at the Same Institutions 



Number of Mathematics Units Required by the 
Subject Matter Program as Compared to the Mathematics Major 


Numbers of 
Institutions 


Fewer Units in the Subject Matter Program than in the Major 


6 


Equal Units in the Subject Matter Program and in the Major 


8 


More Units in the Subject Matter Program than in the Major 


17 



Appendix F displays the coursework required by several of the mathematics subject 
matter programs (Humboldt State University, California Polytechnic State University 
San Luis Obispo, California State University Sacramento, Biola University, National 
University, and California State University Los Angeles; see Appendix A for the table 
keys). This sample was selected to be reasonably representative of the range of units 
required by the mathematics subject matter programs. The programs are presented in 
order according to the number of mathematics units they require, with the one 
requiring the highest number of units first. 



'Mathematics units are defined for the purpose of this report as units of mathematics, statistics, and 
computer science courses only. Some institutions require breadth courses in related subject areas (e.g. 
physics, engineering) that require the application of mathematics content. These types of courses were not 
counted as mathematics units. Consequently, some institutions are reported as requiring fewer than 45 
mathematics units. 
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Preparation in Methods of Teaching Mathematics 

Although the California Mathematics Task Force did not provide specific recommenda- 
tions about the preparation of secondary mathematics teachers in methods of teaching 
mathematics, the Commission's Professional Services Division compiled information 
about this important aspect of preparing teachers for instruction in secondary schools. 
Several of the approved teacher preparation programs for the Single Subject Teaching 
Credential were surveyed over the telephone to learn about required methods courses 
that deal specifically with teaching mathematics content. The results are presented in 
Appendix G (see Appendix A for the table keys). Interviews were completed with five 
California State Universities (Long Beach, Northridge, Sacramento, San Bernardino and 
San Marcos), one University of California campus (Los Angeles) and five private 
institutions (Chapman University, Claremont Graduate School, Loyola Marymount 
University, Point Loma Nazarene College and Southern California College). The 
institutions were selected to be reasonably representative of the types and sizes of 
approved programs. The number of units of required coursework in mathematics 
teaching methods ranges from zero to six units. 
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Analytic Conclusions: 
Mathematics Teacher Preparation 



In September, 1995, the California Mathematics Task Force offered important insights 
into the challenges that confront our schools in the field of mathematics education. 
The Task Force's report included several recommendations to improve the quality of 
mathematics instruction for K-12 students in California. It included specific 

recommendations pertaining to the preparation of teachers of mathematics. Among 

other observations, the Task Force stated, "For sustained improvement in student 

achievement to occur in California, every classroom mathematics teacher must know 
mathematics and how to teach it" (p. 11). The Task Force report went on to suggest that 

California's standards for teachers of mathematics are too low, and need to be raised to 

higher levels of expectation. 

The purpose of this analysis was to determine the extent to which the current 

requirements for mathematics teacher preparation would need to change in order to 

fulfill the recommendations of the Mathematics Task Force. The results of the analysis 
indicate that the current requirements in mathematics and the teaching of mathema- 
tics meet and (in some cases exceed ) the recommendations of the Mathematics Task 
Force. This conclusion has been substantiated with respect to elementary school and 
secondary school teachers of mathematics, and with respect to their subject matter 

preparation as well as their professional training in mathematics teaching methods. 

To implement the Mathematics Task Force recommendations pertaining to the prepara- 
tion of teachers of mathematics, no policy changes would need to occur. It does not 

follow, however, that all mathematics teacher certification policies should remain 
unchanged in the aftermath of the Mathematics Task Force report. 

Millions of students in California public schools are taught mathematics by teachers 

who do not meet the standards that are in place. The Mathematics Task Force described 

many shortcomings and deficiencies in mathematics instruction, which are serious 
problems that must be addressed if the mathematics achievement of California students 
is to improve. Because the current standards for preparing teachers of mathematics 

fulfill the Task Force recommendations, the serious shortcomings and deficiencies in 
mathematics instruction therefore stem from (a) shortages of teachers who meet the 
standards and (b) the widespread practice of assigning other teachers to teach 
mathematics. In any subject of the school curriculum, the instruction of students will 

appear to be inadequate if the assignments of teachers are not aligned with their 
preparation. 

Part II of this report will include available information about the recruitment, 

selection, and assignment of teachers to mathematics classes. Like Part I, the analysis 
will be based on a compilation of existing, available information about the significant 
problems in mathematics education that were accurately described by the California 
Mathematics Task Force. 
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Part II 

Recruitment and Preparation of 
Qualified Teachers of Mathematics: 
Long-Term Problems and Potential Solutions 
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Introduction to Part II 



Part I of this report provided extensive data about the current standards and 

requirements for teacher preparation in mathematics and the teaching of mathematics. 
The data strongly supported the conclusion that the current standards and 
requirements fulfill (and, in some cases, exceed) the California Mathematics Task 
Force's recommendations for both elementary and secondary school teachers of 
mathematics. 

The fact that the Commission's standards and requirements for mathematics teachers 
meet the expectations of mathematics experts should not give rise to complacency 
regarding the quality of mathematics instruction that is provided to K-12 students in 
California. After discussing Part I of this report in October, 1996, the Commission 
decided to examine other possible ways in which the under-preparation of teachers 

could (1) be contributing to inadequate student learning of mathematics, and (2) be 
addressed and resolved by pursuing new policy options. The Commission therefore 
directed the staff to compile information about the availability of teachers who meet the 

Commission's standards and requirements for credentials in mathematics. Therefore, 

Part II provides newly-compiled data about the demand, availability, and assignment of 
teachers of mathematics classes. 



Availability of Well-Prepared New Mathematics Teachers: 
Evidence of Teacher Demand and Supply in California 

Demand for Secondary Mathematics Teachers 

Two types of data on the demand for secondary mathematics teachers are available from 
the California Basic Educational Data System (CBEDS): (1) the numbers of students and 

teachers in secondary (7-12) classrooms, and (2) the projected numbers of teachers that 
would need to be hired in the next school year to teach secondary (7-12) mathematics. 
Table 3 contains these data for a three-year period. 

The data in Table 3 confirm that the numbers of mathematics classes and teachers grew 
from 1992-93 to 1996-97, as did the projected numbers of new teacher hires. The 
growing need for secondary mathematics teachers is underscored by Table 3, but it does 
not portray the whole picture. If some teachers who are already assigned to teach 
mathematics are not fully-prepared in math or math teaching (in relation to current 
expectations), then the numbers of currently-assigned teachers and projected hires 
may understate the true demand for highly-prepared mathematics teachers. 
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Table 3: 

Enrollment and Staff in Mathematics Classes (1992-93 to 1996-97) 





1992-93 


1993-94 


1994-95 


1995-96 


1996-97 


Total Enrollments 


1,948,868 


1,981,131 


2,002,918 


2,062,830 


2,116,921 


Numbers of Classes 


64,797 


65,733 


66,608 


67,699 


70,830 


Average Class Sizes 


29.5 


29.6 


29.5 


29.7 


29.4 


Teacher FTEs 


10,876 


10,989 


11,141 


11,449 


11,932 


Projected New Hires 


745 


798 


842 


873 


996 



Notes: The data in Table 3 are from the California Basic Educational Data System (CBEDS). 

These data primarily reflect secondary mathematics classes because mathematics is 
mainly taught in self-contained classrooms in elementary schools. FTEs are full-time 
equivalents. Teachers submitted the percentage of their class loads that are spent 
teaching mathematics. Projected new hires are the numbers of teachers that would 
need to be hired to teach mathematics for the following school year. For example, data 
for the 1994-95 school year were collected in October of 1994. School principals were 
asked at that time to estimate how many mathematics teachers they would hire for the 
1995-96 school year. 



In fact, there are several reasons to suppose that the demand data in Table 3 seriously 
understate the need for well-prepared teachers of mathematics. The teacher qualifica- 
tions that were recommended by the California Mathematics Task Force were based on 
the Task Force's expertise and research. Many teachers who hold California teaching 
credentials that authorize mathematics instruction in middle and/or high schools have 
not met the expectations that were articulated by the Task Force. What standards and 
requirements were in place when current math teachers earned their credentials? 

General Teaching Credentials and Standard Teaching Credentials were issued many 
years before the Commission established the current standards (as endorsed by the Task 
Force). General Secondary Teaching Credentials authorize teachers to teach all subjects 
in grades 7-12, regardless of their subject matter preparation. Standard Secondary 
Teaching Credentials authorize teachers to teach in the subjects of their majors and/or 
minors. However, a college major or minor in mathematics may or may not prepare an 
individual to teach the mathematics curriculum in California schools. Today, Mathe- 
matics Subject Matter Preparation Programs are closely aligned with the California 
Mathematics Curriculum Framework, which was not the case for mathematics majors or 
minors in prior decades. Moreover, current candidates who entered Mathematics 
Subject Matter Programs before January, 1995, may still obtain credentials according to 
prior standards that were poorly aligned with the school curriculum. In 1996-97 the 
Commission began for the first time to receive applications for credentials that were 
based on current standards for subject matter preparation. 

The available evidence suggests that, even if all classes in mathematics were taught by 
teachers with preparation and certification in mathematics, their credential standards 
were not aligned with the balanced, challenging curriculum expectations that were 
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recently articulated by the California Mathematics Task Force. But are all math classes 
taught by teachers with extensive preparation -- albeit dated preparation -- in 
mathematics? This question needs to be examined, not for the purpose of being critical 
of practicing teachers, but to ascertain the scope of the issue of under-preparation. 

Supply of Secondary Mathematics Teachers 

Several factors affect the supply of teachers who are qualified to teach mathematics at 
the middle school and high school levels. One significant factor is the volume of college 
students who study mathematics in depth. Table 4 shows the numbers of mathematics 
degrees that were conferred by California colleges and universities from 1990-91 until 
1994-95. Although the numbers of mathematics degrees are rising overall, the numbers 
of Bachelor's degrees have declined in this recent five-year period. Compared with the 
holders of Bachelor's degrees in mathematics, people with Master's and doctoral degrees 
in mathematics are much more likely to enter professions other than teaching. 



Table 4: 

Mathematics Degrees Conferred by 
California Institutions (1990-91 to 1994-95) 



Types of Institution/Degree 


1990-91 


1991-92 


1992-93 


1993-94 


1994-95 


Universities of California 












Bachelor's Degrees 


596 


581 


578 


518 


488 


Master's Degrees 


159 


158 


172 


183 


129 


Doctoral Degrees 


118 


106 


120 


116 


110 


California State Universities 












Bachelor's Degrees 


519 


540 


529 


501 


494 


Master's Degrees 


110 


103 


132 


100 


113 


Private Institutions 












(Institutions Reporting) 


(29) 


(33) 


(28) 


(31) 


(32) 


Bachelor's Degrees 


195 


184 


165 


193 


202 


Master's Degrees 


96 


83 


114 


98 


135 


Doctoral Degrees 


28 


34 


33 


24 


65 


Total Bachelor's Degrees 


1,310 


1,305 


1,272 


1,212 


1,184 


Total Degrees 


1,821 


1,789 


1,843 


1,733 


1,736 



Note: These data were provided by the California Postsecondary Education Commis- 

sion (CPEC). 
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The prior analysis of the demand for mathematics teachers (Table 3), showed that the 
demand has been increasing during the last five years. Because the numbers of 
Bachelor's degrees have decreased over time, the numbers of potential new 
mathematics teachers have also declined. This decrease in the supply of people with 
Bachelor's degrees in mathematics means that higher and higher proportions of these 
individuals would have to become teachers in order to meet the rising demand for 
teachers trained in California. In 1992-93, the number of projected hires was 745, 
which was 57 percent of the 1,305 people in Table 4 who received Bachelor's degrees in 
mathematics from California institutions in 1991-92. In 1995-96, the number of 
projected hires was 873, which was 74 percent of the 1,184 individuals who received 
Bachelor's degrees in math in 1994-95. Moreover, these percentages do not take into 
account the true demand for fully-qualified mathematics teachers due to the fact that 
some teachers who are currently assigned to teach mathematics are under-prepared. 

Table 5 displays the numbers of Single Subject Credentials in Mathematics that were 
awarded between 1993-94 and 1996-97. The first row of Table 5 shows the total numbers 
of mathematics credentials issued by fiscal year. The two following rows delineate the 
routes that candidates used to meet the subject matter requirement for the credential: 
completion of Commission-approved subject matter programs or passage of Commission- 
sponsored examinations. 

Table 5 shows that the numbers of mathematics credentials have been declining since 
1993-94. Additionally, the number of credentials awarded in mathematics in 1995-96 

(673) was insufficient to meet the demand (projected hires) for the next school year 
(873; see Table 3). This insufficiency has increased each year since 1993-94. 



Table 5: 

Candidates Who Received First-Time or New Type 
Single Subject Credentials in Mathematics (1993-94 to 1996-97) 





Single Subject Credentials in Mathematics 


1993-94 


1994-95 


1995-96 


1996-97 


Total Credentials Issued 


748 


693 


673 


575 


Completed Program 


470 


475 


431 


449 


Passed Exam i nation (s) 


278 


218 


242 


126 



Note: These data are from the Commission's workload data. The error factor is 

estimated to be less than 1% error. 



Table 6 shows the numbers of internship credentials in secondary mathematics from 
1993-94 to 1996-97. These teachers have already met the current standards for subject- 
matter competence in mathematics. They learn the pedagogy of mathematics teaching 
as part of their internship programs, and are available to work in districts that have or 
are participating in these programs. Even counting these interns, however, there was 
a shortage of 145 fully-qualified mathematics teachers (873-673-55=145) compared with 
the estimated number of new hires for the 1996-97 school year. 
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Table 6: 

Candidates Who Received Single Subject 
Internship Credentials in Mathematics (1993-94 to 1996-97) 



Types of Programs 


Internship Credentials in Mathematics 


1993-94 


1994-95 


1995-96 


1996-97 


College or University 


54 


38 


50 


43 


District Interns 


24 


32 


22 


12 


Total Interns 


78 


70 


72 


55 



Note: These data are from the Commission's workload data. The error factor 

is estimated to be less than 1% error. 



Summary of Tables 3-6 on Mathematics Teacher Supply and Demand . Overall, the mathe- 
matics teacher supply data in Tables 4, 5 and 6 indicate clearly that the annual supply of 
new teachers of mathematics is not sufficient to meet the demand for well-prepared 
teachers in California’s K-12 classrooms, as reflected in Table 3. Before considering 
ways in which the problem of inadequate supply could be addressed, the report next 
examines further evidence that suggests the shortage of mathematics teachers may be 
more serious than is indicated in Tables 3-6. 
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Further Dimensions of the 
Mathematics Teacher Shortage 



School districts do not have the option of not offering classes in mathematics to students 

who need to complete those classes. Consequently, districts cannot leave teaching 

positions vacant, even when there are no well-prepared applicants for those positions. 
Each year the shortage of well-prepared applicants (the difference between the supply 

and demand in Tables 3-6) is filled by putting under-prepared, under-qualified teachers 

into those positions. School districts may put under-qualified teachers into classrooms 
by using several different methods: legal out-of-credential assignments, emergency 

permits, waivers, and misassignments. These dimensions of the mathematics teacher 
shortage are explored next. 



Legal Out-of-Credential Assignments 

The State Education Code allows five kinds of legal out-of-credential assignments. 

• Section 44256('h~) allows teachers with elementary credentials to teach in 

departmentalized classes below grade 9 if the teachers have completed 12 
semester units or 6 upper-division/graduate semester units in the subject to be 

taught. This option is used mostly by middle schools. 

• Section 44258.2 allows teachers with credentials for departmentalized classes in 

one subject to teach another subject in departmentalized classes in grades 5-8 if 

the teachers have completed 12 semester units or 6 upper-division/graduate 
semester units in the subject to be taught. This option is used mostly by middle 
schools. 

• Section 44258.3 allows teachers with elementary credentials to teach in 

departmentalized classes (K-8) if the teacher's subject matter competence has 
been verified according to a policy approved by the district's governing board. 
This option is used mostly by middle schools. (After 1/1/96, the law was 

changed to allow teachers with any teaching credentials to teach in grades K-12.) 

• Section 44258.7 allowed teachers with any teaching credentials and special skills 
and preparation outside their credential authorizations to teach in the areas of 
their special skills, provided the assignments were approved by the local 
Committees on Assignments. This option was used by middle schools and high 
schools. 

• Section 44263 allows teachers with any teaching credentials to teach in 

departmentalized classes (K-12) if the teachers have completed 18 semester units 

or 9 upper-division/graduate semester units in the subject to be taught. This 

option is used mostly by high schools. 



For each of these five legal out-of-credential assignment options. Table 7 shows the 
numbers of assignments that occurred in mathematics in one third of the districts 
monitored by County Offices of Education each year from 1992-93 to 1994-95. 
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Table 7: 

Legal Out-of-Credential Assignments in Mathematics 
by Type for One Third of School Districts Per Year (1992-93 to 1994-95) 
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Emergency Permits and Waivers to Teach Mathematics 

School districts can also obtain emergency permits and waivers for under-qualified 

teachers to teach mathematics. Table 9 displays the numbers of emergency permits and 

waivers for teaching secondary mathematics classes that were granted from 1993-94 

through 1996-97. For an emergency permit, the teacher must have earned a Bachelor's 

degree, passed the CBEST, and completed a minimum of 18 semester units or 9 upper 
division/graduate semester units of course-work in the subject to be taught; or the 

teacher must have a valid non-emergency teaching credential in another subject. In 

order to renew the permit, the teacher must complete six semester units toward earning 
a credential in mathematics. For a limited-assignment emergency permit, the teacher 
must have a valid teaching credential in another subject. There are no prior 

requirements for a waiver to teach mathematics, except that teachers must have passed 

or never taken the Mathematics Section of the CBEST. In fact, however, most teachers 
who are teaching mathematics on waivers have Bachelor's degrees and have taken at 
least six semester units in mathematics. 



Table 9: 

Emergency Permits and Waivers in 
Secondary Mathematics (1993-94 to 1996-97) 



Types of Permits to Teach Math 


1993-94 


1994-95 


1995-96 


1996-97 


New or First-Time Emergency Permits 


686 


475 


541 


669 


Emergency Permit Renewals 


567 


627 


665 


720 


New or First-Time Limited- 
Assignment Emergency Permits 


156 


205 


160 


164 


Limited- Assignment Emergency 
Permit Renewals 


71 


44 


51 


64 


Waivers to Teach Mathematics 


NA a 


29 


48 


NA b 


Total Emergency Permits and Waivers 


l,480 a 


1,380 


1,465 


1,61 7 b 



a The number of waivers in 1993-94 is not available (NA) because waivers were 
granted by the Department of Education at that time and no records are available 
that separate waivers from emergency permits. 
b The number of waivers in 1996-97 was not available (NA) at the time this report 
was printed. 



Table 9 indicates that the volumes of emergency/waiver teachers in mathematics have 

increased since 1994-95 and they are alarmingly large numbers of teachers. In a 

typical secondary school teaching assignment (7-12), a teacher instructs as many as 170 
students every day. In all likelihood, many of the teachers in Table 9 were not assigned 
to teach mathematics full time (five periods per day). In fact, the numbers of mathema- 
tics classes taught by the teachers in Table 9 are not known. Overall, however, they 
taught mathematics to more than 54,000 students (one period of math per day) up to a 

possible maximum of 274,000 students (five periods of math each day) in 1996-97. It is 

difficult to envision a strategic policy change that would improve the effectiveness of 
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mathematics education in California without addressing and reducing the volumes of 
emergency teachers and waiver teachers of mathematics. 



Extent of Teacher Misassignments in Mathematics Classes 

Additionally, school districts sometimes assign under-qualified teachers to mathematics 
classes without authorization by law or from the Commission. Table 10 shows how many 
teachers were misassigned to teach mathematics in one-third of the school districts in 
California each year from 1992-93 to 1994-95. The total misassignments across the three 
years (684) is an estimate of the total number of mathematics misassignments for 1994- 
95. Six hundred and ninety-two of these misassignments were in secondary 
mathematics classrooms. These estimates may underestimate the actual number of 
misassignments, however, because misassignments may have increased over the three 
year period. 



Table 10: 

Numbers of Credentialed Teachers Who Were Misassigned to Teach 
Mathematics in One Third of School Districts Per Year (1992-93 to 1994-95) 



School Levels 


1992-93 


1993-94 


1994-95 


Elementary Schools 


5 


3 


0 


Middle Schools 


174 


132 


168 


High Schools 


84 


60 


66 


Total Misassigned Teachers 


263 


195 


234 



Note: These data were reported to the Commission by County Offices of 

Education. Each year represents one third of districts monitored by County 
Offices. The data in Table 10 exclude the Los Angeles Unified School District 
for 1992-93 and 1993-94. Los Angeles Unified School District only reported 
total misassignments for those years. 



If we assume that school districts would not use out-of-credential assignment methods, 
emergency permits, or waivers, or misassign teachers if they could hire enough well- 
prepared mathematics teachers, then Tables 7-10, taken together, reflect the magnitude 
of the mathematics teacher shortage. 



Summary: Overall Dimensions of the 

Mathematics Teacher Shortage (7-12) 



One way to estimate the demand for fully-qualified secondary (7-12) mathematics 
teachers for 1995-96, which is the most recent year for which all of the necessary data 
are available, would be to add together the projected numbers of new teachers to be 
hired in the 1995-96 school year (842) and the total out-of-credential assignments 
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(1653), emergency permits and waivers (1,380), and misassignments (684) in secondary 
mathematics in the 1994-95 school year. The total demand, 4,559 mathematics 
teachers, assumes that fully-qualified teachers should fill all of the projected new 
positions as well as the positions that were filled by teachers with out-of-credential 
assignments, emergency permits, waivers, and misassignments in 1994-95. 

Given the fact that only 693 people earned Single Subject Credentials in Mathematics in 

1994- 95, and only 72 others received Internship Credentials in Mathematics in 1995-96, 
the difference between the total demand (4,559 teachers) and the total supply of new 
teachers (765) was 3,794 mathematics teachers in 1995-96. In reality, the shortage 
of fully-qualified mathematics teachers may have been more than 3,794 teachers in 

1995- 96 because some of the 765 newly-certificated teachers may not have accepted 
mathematics teaching positions in K-12 schools that year. 

The gap between mathematics teacher supply and demand was probably larger in 1996- 
97 than it was in 1995-96 because the numbers of mathematics classes in middle and 
high schools have been increasing (see Table 3), as have hiring projections for 
secondary mathematics teachers, but the numbers of Single Subject Credentials in 
Mathematics decreased in 1995-96 (see Table 6). 

This analysis of the shortage of mathematics teachers assumes that all certificated 
teachers of mathematics are well-prepared to implement the challenging, balanced 
curriculum that was advocated by the California Mathematics Task Force and is reflected 
in the California Mathematics Curriculum Framework. For reasons that were outlined 
on pages 18-19, however, nearly all of the current teachers with valid credentials that 
authorize secondary mathematics instruction did not have to meet the standards that 
have recently been adopted and implemented by the Commission — standards that were 
reaffirmed by the Superintendent's Mathematics Task Force. California's secondary 
schools, then, are challenged by a two-pronged problem of teacher shortages in 
mathematics: (1) very large numbers of classes being taught by instructors without 

sufficient preparation in mathematics, and (2) uncounted additional classes taught by 
instructors whose preparation occurred before the current mathematics curriculum 
was envisioned. 

Figure 1 displays the current routes that candidates can take to become fully-prepared 
and credentialed teachers of secondary school mathematics. To alleviate the shortage of 
secondary mathematics, it will be necessary to increase the numbers of individuals who 
pursue these routes to full preparation in mathematics education. 
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Figure 1: 

Alternative Routes to Full Qualification for Prospective Teachers of 
Mathematics from Six Different Groups 




The total assignments across the three years (1,653) is an estimate of the total number of 
out-of-credential assignments for 1994-95. This estimate may underestimate the actual 
number of these assignments, however, because out-of-credential assignments may 
have increased over the three year period. 

Table 8 contains specific information about the types of credentials held by teachers in 
high school mathematics classes under Education Code 44263, which is one of the five 
legal "routes" to the re-assignment of teachers to mathematics classes. 



Table 8: 

Primary Credentials of Teachers Who Were Assigned to 
Teach Secondary Mathematics Under Education Code 44263 



Credential Subjects 


1992-93 


1993-94 


1994-95 


Art 


1 


2 


15 


Agriculture 


3 


4 


2 


Business 


24 


19 


9 


English 


7 


9 


7 


Foreign Language 


1 


0 


0 


Home Economics 


3 


1 


1 


Industrial Technology 


23 


9 


14 


Mathematics 


4 


8 


0 


Music 


18 


2 


0 


Physical Education 


39 


21 


33 


Science 


33 


19 


24 


Social Science 


29 


20 


22 


Other Subject Areas 


52 


46 


34 


Total Teachers 


217 


134 


154 



Note: These data were reported by California County Offices of Education. Each 

year represents one third of districts monitored by County Offices. 

Table 8 shows that the largest numbers of teachers who were assigned to teach 
mathematics classes pursuant to Education Code Section 44263 held teaching credentials 
in physical education. 




25 



34 



Preparation of Elementary Teachers in Mathematics 



With increasing recognition of the great importance of early mathematics instruction, 
California is also experiencing a shortage of elementary school teachers who have 

depth of expertise in mathematics. According to the Commission's current standards for 
elementary teacher preparation, each prospective teacher pursues a "concentration" 
for depth of study in one subject field. Teachers who gain additional mathematics 

expertise by completing a concentration for depth of study in mathematics (see Figure 
1) are now becoming available to teach in K-6 schools. In addition to being very well- 
prepared to provide mathematics instruction to young children, these new teachers are 
also well-prepared to engage in mathematics curriculum planning, staff development, 
and the selection of materials to improve elementary school mathematics instruction. 

Recent data provided to the Commission by the coordinators of Elementary Subject 
Matter Programs, however, suggest that only a small number of prospective elementary 
teachers concentrate in mathematics at the institutions that offer mathematics as an 
option for depth of study. Table 1 1 shows the average percentages of the prospective 
teachers who completed elementary subject matter programs with concentrations in 
mathematics. Some small institutions cannot offer concentrations in mathematics 
because it is difficult for them to require the upper division coursework necessary to 
meet the subject matter standards. Middle-sized and large institutions reported that 

approximately five to ten percent (5-10%) of all elementary teaching candidates pursue 
mathematics concentrations. At one institution (California State University Chico), 
approximately 19% of the prospective teachers are completing math concentrations. 
According to a program coordinator at A CSU Chico, this impressive success is due 

largely to the motivational qualities of instructors in the Mathematics Department at 
that campus. 



Table 11: 

Percentages of the Undergraduates Completing Elementary 
Subject Matter Programs Who Concentrated in Mathematics in 1995/96 



Types of Institutions 


Number 
Offering Math 
Concentrations 


Number 

Reporting 


Average 

Percentage 


California State Universities 


15 


8 


6% 


Universities of California 


6 


1 


0% 


Private Institutions 


27 


9 


7% 



Note: The data were provided by Commission-approved Elementary Subject Matter 

Programs. 

Figure 1 also shows the current routes that candidates can take to gain expertise in 
elementary school mathematics. An increase in the numbers of individuals who pursue 

these routes to elementary mathematics expertise will be necessary to provide each 
elementary school with at least one teacher who is confident enough in her or his 
mathematical power to convey an excitement for mathematics to children and provide 
expertise for curriculum planning, staff development, and materials selection. 
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Part III 

The California Mathematics Initiative 

for Teaching 
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The California Mathematics Initiative for Teaching 



As Figure 1 indicates, California does not have a shortage of routes to certification in 
the field of mathematics teaching. Rather, the empirical data in this report suggest that 
insufficient numbers of individuals are pursuing the several alternative routes that are 
already available under current law. 

To resolve the severe shortages of mathematics teachers that California schools are 

experiencing, the State of California could increase the numbers of fully-qualified 
mathematics teachers in several alternative ways. The shortage of mathematics 
teachers is so severe and widespread that California needs to pursue a multi-faceted 

strategy that addresses several interrelated problems in a coherent, coordinated effort. 
In such an initiative, each element needs to increase the appeal of one or more existing 
routes to mathematics teacher certification. Following are several initiatives that the 
California Commission on Teacher Credentialing considered for the purpose of making 
particular routes to certification as attractive as possible for mathematics teacher 
candidates and current teachers. The Commission, with the help of other interested 

groups, began a comprehensive initiative for mathematics education, called the 

California Mathematics Initiative for Teaching (CMIT). The overall goal of 

CMIT is to increase the numbers of fully qualified secondary mathematics teachers and 
elementary teachers with expertise in mathematics. To accomplish this goal, the 
Commission invited interested organizations and individuals to make recommendations 
and collaborate with the Commission in making CMIT successful. 



Legislative Concepts Considered by the Commission 



Concept One. The Commission considered the prospect of establishing new financial 

incentives for high school students, undergraduate students, current mathematics 
teachers (7-12) who do not have credentials, and teachers with credentials in other 
subject areas to complete the mathematics coursework and teacher education 

coursework that would qualify them for Single Subject Teaching Credentials in 
Mathematics. This option included financial assistance in the form of forgivable loans 

and work-study opportunities for prospective and current teachers to pursue 
coursework. Teachers who received financial assistance would be required to teach 
math for two years for every year they received assistance. Concept One also included 

local assistance grants to schools to form partnerships with colleges and universities to 
establish and improve subject matter programs or support “Future Teachers of 
Mathematics Clubs”. 



Concept Two. The Commission also considered establishing new financial incentives for 
high school graduates, undergraduate students, and current teachers to complete 
"concentrations" for depth of study in mathematics as part of subject matter 
preparation and professional preparation for Multiple Subject Teaching Credentials. 
This concept also included scholarships in the form of forgivable loans and work-study 
opportunities for prospective teachers to pursue mathematics coursework. Teachers 
who received financial assistance would be required to teach (K-6) for two years for 
every year they received assistance. Concept Two also included local assistance grants 
to schools to form partnerships with colleges and universities to establish and improve 
mathematics concentrations. 



Concept Three. The Commission contemplated establishing new incentives for adults 
with backgrounds in engineering, aeronautics, business, and industry to enter 
internship programs for Single Subject Credentials in Mathematics. This option would 

have provided forgivable loans for one- to two-year internships in mathematics 
education. Interns would be required to teach math for two years for each year of 
financial assistance. 



Concept Four. The Commission also discussed establishing a new staff development 
program for current teachers in elementary, middle, and high schools. Instruction in 
such a program would focus on mathematics and mathematics teaching, so participants 
could become qualified teachers of mathematics by meeting the current standards. This 
concept included fellowships for teachers to participate in intensive (six-week) 

summer institutes in mathematics and mathematics teaching, which would fulfill 

current standards for the subject matter preparation of elementary and secondary 

teachers. Concept Four also included local assistance grants to support experimental 
uses of electronic technology (interactive multi-media programs as well as interactive 

distance instruction) so teachers could participate without prohibitive changes in home 
locations. 



Concept Five. In Concept 5, the Commission considered establishing a longitudinal pilot 
study of the effect of school-based differential pay programs for the purpose of 
increasing the availability of teachers of mathematics in middle schools and high 
schools. A maximum of twenty middle and high schools would be selected on a 

competitive basis with the full consent of bargaining units. Criteria of school-site 
success would include measured student achievement in mathematics, attendance rates, 
graduation rates, college matriculation rates, and the employment and retention of 
fully-qualified teachers of mathematics. 



Comments and Suggestions from Other Organizations 

The Commission circulated copies of a draft version of this report including the 
legislative options to a variety of interested individuals and organizations. The 

Commission sought comments and suggestions about the five legislative options from 
the Association of California School Administrators (ACSA), the Association of 
Independent California Colleges and Universities (AICCU), the California Federation of 
Teachers (CFT), the California Mathematics Council (CMC), the California Mathematics 
Project (CMP), the California Parent Teacher Association (PTA), the California School 
Boards Association (CSBA), the California Department of Education (CDE), the California 
State University, including the Institute for Education Reform (CSU), the California 
Teachers Association (CTA), and the University of California (UC), among others. 

The Commission received a number of comments and suggestions about the legislative 
concepts. All of the organizations were supportive of at least some of the concepts. A 
summary of the suggestions follows. 

• The CCTC should pursue legislation that will use current structures, like the 

Assumption Program for Loans in Education (APLE) and the California Mathematics 
Project (CMP) to deliver intensive staff development to current teachers (CDE, CSBA, 
CSU, UC). 
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• This effort should be coordinated with the CCTC's strategic plan to recruit new 
teachers, which was recently prepared in cooperation with Recruiting New 
Teachers, Inc. (CSU). 

• The first priority for funding should be a loan assumption program for mathematics 
majors who are committed to teaching as a profession. Staff development for 
current teachers and local assistance grants to school districts to work with current 
subject matter programs should also be funded (UC). 

• The CMP would be willing to expand current programs and create new ones to reach 
under-prepared mathematics teachers. The CCTC could work with them to offer staff 
development that would count toward supplementary authorizations in mathematics 
for teachers who have credentials in other subjects and would like to (or already do) 
teach math (CMP). 

• The CCTC should employ a "carrot and stick" approach, in which monetary 
incentives to potential teachers are paired with reduced opportunities for school 
districts to assign under-qualified teachers to teach math (CSU). 

• The Commission should not pursue the differential pay pilot study. Neither the CFT 
nor the CTA are supportive of “merit pay” for teachers based upon the subject they 
teach. School districts are free to negotiate different salary schedules for teachers 
of different subjects under current law (CFT, CTA). 

• The Commission should pursue the differential pay pilot study (CSBA). 



Assembly Bill 496: The California 

Mathematics Initiative for Teaching 

Based upon comments and suggestions from numerous organizations, the Commission 
decided to pursue legislation to implement portions of Concepts One, Two, and Four. 
Assembly Bill 496 (Lempert) is sponsored by the Commission and is designed to increase 
the numbers of teachers who are well-prepared to teach mathematics in K-12 schools. 
If AB 496 is enacted, the Commission would administer the California Mathematics 
Initiative in Teaching (CMIT) by awarding grants to school districts and county offices 
of education. The grants would provide financial assistance to enable current and 
prospective teachers to meet mathematics teaching standards. Teachers who accept 
financial assistance would be required to teach mathematics in public schools for two 

years for each year they received assistance. The bill's incentives for current and 

prospective teachers would be available for elementary school teachers and secondary 
school teachers of mathematics. 

AB 496 includes strong incentives for current teachers and prospective teachers of 

mathematics. The bill provides alternate routes for current teachers, who could meet 

California's standards by completing college or university coursework in mathematics, 

by passing an examination in mathematics, or by completing Commission-approved 
programs of intensive professional development in mathematics. Programs like the 

California Mathematics Project could help teachers to meet the standards. Teachers 
with credentials in other subject areas and emergency permit teachers would be 
eligible for these incentives. AB 496 also includes incentives for prospective 

elementary teachers to complete specialized study and field experience in mathematics. 
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AB 496 would appropriate $1,500,000 each year, beginning in the 1998-99 fiscal year, to 
the Commission for the purposes of the bill. At this level of funding, between 2,000 and 
2,700 secondary mathematics teachers and 350 prospective elementary teachers could 
participate in CMIT each year. 

For prospective secondary teachers of mathematics, AB 496 would also expand the 
Assumption Program of Loans for Education (APLE), which is a highly successful 
teacher recruitment program. AB 496 would increase the overall authorization of the 
Student Aid Commission for the APLE Program from 500 to 600 awards per year. The bill 
would designate 33 percent of all APLE awards for prospective teachers of mathematics, 
and would augment the program's funding by $500,000 per year beginning in 1999- 
2000. 

The problems of student learning in mathematics can be traced to the under- 
preparation of teachers in mathematics and the teaching of mathematics. AB 496 would 
increase the numbers of teachers who are competent to teach mathematics in K-12 
schools. The Commission would administer the California Mathematics Initiative in 
Teaching (CMIT) by awarding grants to school districts and county offices of education, 
who would provide financial assistance to enable current and prospective teachers to 
meet California's mathematics teaching standards. 
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Appendix B: Required and Elective Mathematics Coursework for 
Liberal Studies Programs Approved Under the Current Standards 
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Appendix B: Required and Elective Math Coursework in Elementary Teacher Preparation Programs 
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Institution and Program Concentration Math Concentration Courses 
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Appendix D: Required Mathematics Methods Coursework for Some Multiple Subject Teacher Preparation Programs 
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c One fourth of the units associated with these courses can be attributed to methods specific to mathematics. 



Appendix E: Subject Matter Programs for the Single Subject Credential in Mathematics 
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Appendix E: Subject Matter Programs for the Single Subject Credential in Mathematics 
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Appendix F: Required and Elective Mathematics Coursework in 
Some Subject Matter Programs for the Single Subject Credential in Mathematics 
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Appendix F: Required and Elective Math Coursework in Subject Matter Programs (Single Subject) 

Institution Name Course Names and Numbers: Core Course Names and Numbers: 

Breadth and Perspective 
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Appendix G: Required Mathematics Methods Coursework for 
Some Single Subject Teacher Preparation Programs 
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